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© An add copper electroplating solution as well as a method of electroplating. 

© Acid copper eletropleting solutions containing the re- where R has the meaning as defined, can also be reacted 
action product of with |A) and (B). 

(A) a compound containing a nitrogen-carbon*sulfur radical 
of the general structural formula 

S 



where Rv Rj and Ra have the meanings as defined, 
(B) a compound of the formula 

X-RHS)„-Rr-Y 

where R, and R3, n, X and Y have the meaning as defined. 
Optionally, an alkylene amide of the formula 
0 



R — C — NH2 
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An acid copper electroplating solution as well 
a method of electroplating 



The invention concerns an acid copper electroplating 
solution as well as a method of electroplating acid 
copper solutions on substrates having sharp corners to 
.prevent the formation of cracks at the corners due to 

5 thermal shock. The invention relates especially to the 
electrodeposition of copper of decorative use and more 
particularly to the electrodeposition of copper on 
sustrates having sharp corners such as those formed by 
holes drilled into copper clad plastic sheet during the 

lo. production of printed circuit boards. 

Circuit boards are generally prepared by 
laminating a copper cladding to both sides of a plastic 
sheet. This sheet typically is an epoxy-glass material. 

^5 Holes are then drilled through the copper clad plastic ^ 
thus exposing the plastic. This exposed plastic must then 
be plated to effect conductivity from one side of the 
board to the other. This is generally accomplished by 
treating the plastic with an activator by well known 

2o processes, subjecting the entire circuit board to 

electroless deposition of copper to render the treated 
areas receptive to electrolytic copper depositions, and 
then plating the board and the internal surfaces of the 
holes by electrodeposition of copper. The sharp corners 

25 formed by the perimeter of the holes adjacent to the top 
and bottom of the board must also be plated. While this 
copper plating can be accomplished by many different 
copper electroplating solutions presently on the market, 
the copper plate at these sharp corners has a tendency to 

3o develop cracks when the boards are subjected to thermal 
shock which occurs during further processing. 
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This invention relates to novel acid copper 
electroplating solutions containing the reaction product 
of a compound containing a nitrogen-carbon-sulfur radical 
and having the following general structural formula 

S 
tf 

H — ? — . 

or 




where R^^, Rjr and are as defined below, and an 
alkylene polysulf ide having at least one terminal sulfonic 
acid group. 

Optionally, an amide of the formula 

\ O 

n 

R C NH^ 

where R is a lower alkyl radical of 1 to 6 carbon atoms , a 
lower alkylene radical of 1 to 4 carbon atoms, an aromatic 
radical, preferably a benzamide or benzoic acid amide, or a 
hydrogen atom can be used as a third reactant to form the 
desired reaction product. 

The compounds that can be used to react with the 
alkylene polysulf ide compounds preferably contain one of 
the nitrogen-carbon-sulfur radicals represented by the 
.following general formulas: 



30 
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N C — 



where "K^ and R2 are alkyl radicals, a hydrogen atom or 
mixtures thereof, or 



<2) 



10 • 

where is an aromatic, heterocyclic or alicyclic 
radical or their alkyl derivatives. 

15 When in above formula (1) and R2 are alkyl, 

respective alkyl groups may comprise from 1 to 20 carbon 
atoms. Alkyl groups with 1 to 6 carbon atoms are 
preferred, i,e. methyl, ethyl, linear or branched 
propyl, butyl, pentyl, hexyl. 

2o 

Also, the open bond on the carbon atoms of formulas (1) 
and (2) may advantageously bond to X, -S-X, or -SrS-X 
wherein X is hydrogen, a Group I alkali metal, or magnesium. 

25 Rj in above formula (2) has the meaning of aromatic, hetero- 
cyclic, or alicyclic radical containing 3 to 12 carbon atoms 
and represent preferably benzothiazole, 2— mercaptobenzothia- 
zole, 2-2^ithio- bis- benzothiazole, 2-thiazoleidirie, or 2-thiol; 
said alkyl moiety having 1 to 6 carbon atoms. 



R3 and the combination of R^^ and Rj may also be 

cyclic alkyl radicals with 3 to 12 carbon atoms linking 

to the single bonds of sulfor and nitrogen in 

(2) for R3 and the double bond of nitrogen in (1) for 



35 the combination of Rj^ and R2. 
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The nitrogen-carbon-sulfur organic compounds 
suitable for the present invention all contain an organic 
radical which comprises a carbon atom bonded exclusively 
to hetero atoms, nitrogen, or sulfur. These compounds 
contain a radical having one of the following structural 

formulas: (3) S ^ ' 

C S 



or 



(4) 



Linked to one of the sulfur and the nitrogen in (3) may be 
an aromatic or a cyclic alkyl- radical, and to the nitrogen • •* 
in (4) may be alkyl radicals or cyclic alkyl radicals. 
The second sulfur is connected to a hydrogen, alkyl, or 
other nitrogen-sulfur radicals. 

.... 1- . 

Above aromatic or cyclic alkyl radicals represent preferably 
compounds in the benzo thiazole family; above alkyl radicals 
are advantageously those having 1 to 6 carbon atoms. 

Examples of a number of specific compounds coming within the 
scope of the above formulas are set forth in Column 2 of OS-PS 
3,414,493 issued to Nobel et al. on December 3, 1968. The dis- 
closure of this US-PS 3,414,493 with regard to the nitrogen-car- 
bon-sulfor compound useful according to this invention is in- 
corporated herein by reference. Thus, preferred compounds 
described in US-PS 3,414,493 are especially: 
' - 1 , 3-bi.^ (2-ben20thia2olylmercaptomethy 1) urea ? 

- .N-cyclohexyl-2-ben20thiazolesulfenamide; 

- Piperidium-1-piperidinecarbodithioate; 

. - N,N-dimethylcycloamine'salt of dibutyldithiocarbamic acid; 
-l>is(Dimethylthiocarbainyl) disulfide; 

- 2-thiazoleidine 2-thiol. 
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The compounds found to be the roost advantageous 
to date are the sodium salts of tetraalkylthiuram 
disulfide. 



..(5) 



R 



S 



s 
II 
c 



where and are methyl or ethyl or mixtures 
thereof, 2,2'-dithio-bisben20thiazole, 



"■^c— s— s— 




s 



ll 



and 2-raecaptobenzothiazole 



(7) 




H 



When reacting compounds such as (5) and (6) with sodium 
hydroxide, the compounds are split, predominantly but not 
exclusively between the -S-S- bond to form the sodium 
salts. Thus when a compound according to formula (5) 
having .R^ and R^ -as ethyl groups is reacted with 
sodium hydroxide, it would form predominantly two moles of 



(8) 



N 



S 

c 



s 



Na 



C2H5 



plus minor amounts of 
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(9) 




S 
II 

c 



Na 



and 



(10) C,H 




S 
n 
C 



S— S— Na 



Similarly/ reacting formulas (6) and (7) with sodium hydroxide 
would form 



(11) — N 



Na 



— S 



with minor amounts of 



(12) — N 



— S 



Na 



and 



(13) — N 



Hc-S— s — 



Na 



The sodium salts of the compounds (5) r (6) and 
(7) can readily be prepared by known means by heating the 
compounds dissolved in a solvient such as methanol 
(preferably with reflux) with sodium hydroxide* The 
compound of formulas (5), (6) and (7) are available 
commercially and marketed under the marks TUADS, ALTAX and 
CAPTAX, respectively, by T, Vanderbilt Company, Inc. 
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The second reactant is an alkylene polysulfide 
compound having at least one water solubilizing group or a 
group capable of imparting water solubility to the end 
reaction product* These compounds correspond to the 
general formula 

(14) X — ' ts)^— . Rj— y 

where R^^ and Rj are the same or different and are 
alkylene radicals containing 1 to 6 carbon atoms, x is a 
functional or non-functional moeity such as hydrogen, a 
sulfonic acid group, a carboxylic acid group, a 
hydrocarbon group, etc, n is an integer from 2 to 5, and Y 
is a water solubilizing group or a group capable of 
imparting water solubility to the reaction product. It is 
most advantageous for Y to be a sulfonic acid group, but 
other water solubilizing groups such as a carboxylic acid 
group might also be employed. 

Examples of a number of specific compounds coming 
within the scope of the above formula are set forth in 
column 2 of U.S. Patent 3,328,273 issued to Creutz et al. 
on June 27, 1967 and which disclosure is incorporated 
herein by reference. It is preferable to use the alkali 
metal salts of the above compounds. The exact nature of 
the X moeity does not constitute a part of this invention 
and can be most any group so long as it does not interfere 
with the improved results set forth herein. The alkylene 
groups can also be substituted but preferably are 
unsubstituted as set forth in U.S. Patent 3,328,273. 
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Freferced sulfide compounds of the invention are 
aliphatic pqlysulf ides , wherein at least two divalent 
sulfur atoms are vicinal, and wherein the molecule has 
one or two terminal sulfonic acid groups. a3>e alkylene 
portion of the molecule may be substituted with groups 
such as methyl, ethyl, chloro, bromo, ethoxy, hydroxy 
etc., but preferably and are unsubstituted 
polymethylene groups containing 3 carbon atoms. The 
various sulfonic compounds may be added to the plating 
baths as the free acid or the alkali metal salts or the 
organic amine salts etc. Generally, it is preferred to 
use the free acids. Examples of some of the preferred 
polysulfide compounds of the invention are shown in 
Table I. 

Table I 



Organic polysulfide compounds 

(1) CH3-S-S-CH2-SO3H 

(2) a!3-S-S-S-(CH2)4-S03H 

(3) . HO3S-CH2-S-S-S-S-S-CH2-SO3H 

(4) H03S-(CH2)3-S-S-(CH2)3-S03H 

(5) (CH3)2CHCH2-S-S-CH2CH(CH3)2 

(6) {CH3)3C-S-S-C(CH2)2S03H 

(7) H03S-(CH2)4-S-S-(CH2)4-S03H 
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The most iadvantageous alkylene polysulfide known 
to date is dl (sodium 3-Bulfonate-l-propyl) sulfide 

(15) Na- S03-(CH2)3-S-S-(CH2)3-S03Ka 

• 

Equivalent or better results can be obtained by 
adding an alkylene amide as a third reactant with the two 
components described above.. Examples of these alkylene 
amides are represented by the following formula: 

(16) O 

R . C NHj 

where R is a lower alkyl radical of 1 to 6 carbon atoins^ a 
lower alkylene radical of 1 to 4 carbon atoms, an aromatic 
radical, or a hydrogen atom. It is especially 
advantageous to use acrylamide as the alkylene amide 
compound and third reactant. Other compounds which can be 
used as the alkylene amide include acetamide, 
propionamide, benzamide, and the like. 

The exact chemical nature of the reaction product 
from either of these two or three reactants is not known. 
The products resulting from these reactions are 
hereinafter referred to as the reaction products. 
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The invention includes the use of oxyalkylene 
polymers as brightening and leveling agents in conbination 
with the reaction products* The 03^alkylene polyners have 
been found to materially increase the brightness and 
leveling of the deposits. The polyalkylene glycols, such 
^ as polyethylene glycols r methoxy polyethylene glycols and 
the polypropylene glycols r have been found to be 
particularly advantageous. 

The oxyethylene or oxypropylene polymers can be 
surfactants r anionic , nonionic or cationic. Anionic and 
nonionic are preferred. These types of surfactants are 
well known and lists of specific polymers can be obtained 
by consulting any standard text on the subject sudi as the 
various volumes of Kirk-Othmer Encyclopedia of Chemical 
Technology or the industrial literature. It is the 
presence of the ethylene oxide or propylene oxide groups 
that is most important. The compounds should have at 
least about 8 moles of ethylene and/or propylene oxide and 
be soluble in the bath solution. Combinations of 
polyethylene and polypropylene glycols and/or surfactants 
can also be used. 



20 



The amounts of the oxyalkylene polymers can be 
about the same as is usually employed in acid copper 
^ baths. A sufficient amount should, of course, be used to 
obtain the brightness and leveling desired which will in 
turn depend on the ultimate use intended. Generally about 
0.1 to 0.5 g/1 or ml/1 can be employed. 



30 



Additional brighteners, grain refiners or 
leveling agents known in the art can also be added to the 
plating solutions of this invention in addition to or in 
place of the oxyalkylene polymers as will be apparent to 
those skilled in the art. 



- 11 - 0163131 

As noted above, the copper deposited according to 
this invention is useful for decorative purposes, in the 
electronic industry generally^ and for the conduction of 
electricity on. substrates that do not have sharp corners 
or on articles where thermal shock is not a problem. The 
amounts of the reaction products employed in the acid 
copper plating solutions may therefore differ depending on 
the result desired, but in any event the amounts should be 
sufficient to improve the brightness and smoothness of the 
metallic deposits over that obtainable from the basic 
plating solutions* 

When plating a substrate having sharp corners, 
such as circuit boards which are subjected to thermal 
shock, the amounts of reaction products should be 
sufficient to prevent cracks in. the deposit at the corners 
when the plated substrate is subjected to thermal shock. 
As far as it is known today, the amounts to accomplish 
both of these results will be substantially the same. 
Small amounts, as little as about 0.1 ml/1, have been 
found sufficient to accomplish this purpose. Larger 
amounts, such as 1 ml/1, can of course also be employed so 
long as it does not adversely affect the plating 
operations or the advantages of this invention. No upper 
limit has been determined. It is, of course, advantageous 
to use as little of reaction product as practicable to 
obtain the desired results. 

The acid copper plating solutions to which the 
reaction products can be added are conventional and well 
known. The two essential constituents are a copper salt, 
such as copper sulfate, and an acid, such as sulfuric 
acid. The salt furnishes the metal ions and the acid 
serves to reduce the resistivity or promote conductivity. 
These baths typically contain between about 70-250 g/1 of 



10 
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copper sulfate, 30 to 250 g/1 of sulfuric acid, and 50-100 
ppm of a chloride ion. 

The reaction products can be formed by dissolving 
compounds of formulas (1) and/or (2) , such as a 
tetraalkylthiuram disulfide sodium salt in a suitable 
solvent," and adding a bis (3-sulf oalkyl) disulfide salt to 
the reaction mixture with or without the acrylamide 
compound under reflux. Concentrated sulfuric acid is then 
added (dropwise in the laboratory) during the reflux and 
continued until gassing has ceased or no precipitate or 
turbidity is present. The reactants can be any of the 
mixtures described above. 

EXAMPLE 1 



20 



2.6 g of tetraethylthiuram disulfide is dissolved 
in a sufficient amount of methanol and 0.78 g of sodium 
hydroxide. The reaction mixture is refluxed for 30 
minutes to complete the reaction and the volume of the 
resulting solution is increased by 50% to 100% with water 
to clear it from turbidity. 3.52 g of bis (3-sulf ©propyl) 
disulfide disodium salt and 8.0 g of acrylamide are then 
added while continuing the reflux for about 30 minutes to 
an hour. Concentrated sulfuric acid is added dropwise 
^ during the reflux and continued until no more gassing or 
precipitate or turbidity is present. The color of the 
solution, during the sulfuric acid addition, changes from 
a dark greenish-yellow to pale yellow-colorless. The 
reaction product is then diluted with water to a volume of 
1 liter. 



30 



The exact proportions of the reactants are not 
very critical but best results to date are obtained by 
using stoichiometric amounts. The reaction can include 

35 
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additional reactants so long as they do not affect the 
function and advantageous properties of the resulting 
reaction product. For example r 0.6 g of formaldehyde can 
be added to the methanol solution and reacted with the 
sodium hydroxide before the addition of the disulfide 
compound and the resulting reaction product Jias 
substantially the same advantageous properties. 

EXAMPLE 2 

The procedure of Exaunple 1 was followed except 
that the acrylamide was omitted from the reaction. 

EXAMPLE 3 

A 2 gallon tank and a Hull cell was used on an 
acid copper plating solution of the following composition: 

75 g/1 

188 g/1 (10% by vol.) 
85 ppm ' 

0.125 ml/1 

The plating bath was operated at 75**P in a Hull 
25 cell with air agitation at a current of 2 amps for 10 
minutes. The plating bath in the 2 gallon tank was 
operated at identical parameters, but at a current density 
of 15 ASF for an hour. 

Printed circuit boards with the holes drilled 
therein after being activated and electrolessly plated 
with copper were plated in this tank. The copper deposit 
on the circuit board was smooth and semi-lustrous over 
current density range of 2 to 20 ASF and showed no signs 
of corner cracks after thermal shock. 



Copper Sulfate . 
Sulfuric Acid 
Chloride 

Reaction product of 
Example 1 



EXAMPLE 4 
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The procedure of Example 3 was followed except 
that the following material was also incorporated into the 
plating bath: 

„ Polyethylene Glycol . 
(Carbowax 14000) 0.375 g/1 

The copper deposit on the plated material was 
very bright arid levelled over a current density range of 
from 1 to 100 ASP and showed no signs of corner cracks 
after thermal shock. 



EXAMPLE 5 

15 

The procedure of Example 3 was followed except 
that the following materials were also incorporated into 
the plating baths 

20 Polyethylene Glycol 

(Carbowax 14,000) 0.375 g/1 

Polypropylene Glycol 410 0.0425 ml/1 

25 The deposit on the plated material was very 

bright and levelled in the current density range of from 1 
to 100 ASF. The deposit on the printed circuit board 
plated in the 2 gallon tank was very bright and leveled 
and showed no signs of corner cracks after thermal shock. 

30 

The thermal shock test to which the plated boards 
are subjected in the above examples is- conventional. 
After the boards are baked for about an hour at 150 
they are cooled to room temperature and allowed to float 



10 



15 



20 



25 
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on one side in molten solder at 288»C for 10 se?o1id?s?\?e'n 
turned over and allowed to float on the solder on the 
other side for 10 seconds. The boards are then removed 
and inspected for cracks. 



EXAMPLE 6 



The procedure of Example 5 was followed except 
that the reaction product of Example 2 was submitted for 
the reaction product that was used in Example 5. The 
d»posit on the plated material w^s very bright and 
levelled in the current density range of from 1 to 100 ASP. 



35 
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CLAIMS 

1. An acid copper electroplating solution 
comprising a soluble copper salt, free acid and a reaction 
product of 

(A) a compound containing a nitrogen-carbon-sulfur- 
radical of the general structural formula 



10 




where and R2 are alkyl radicals^ a hydrogen atom or 
mixtures thereof, or 

15 




20 where is an aromatic , heterocyclic or .alicyclic 
radical or their alkyl derivatives, and 

(B) a compound of the formula 

25 X - - (S)^- R2 - Y 

where and R2 are the same or different and are 
substituted or unsubstituted alkylene radicals containing 
1 to 6 carbon atoms, X is a functional or non-functional 
30 moeity, n is 2, 3, 4, or 5, and Y is a water solubilizing 
group or a group capable of imparting water solubility to 
said reaction product, said reaction product being present 
in a sufficient amount to increase the brightness of the 
deposit and/or to prevent the formation of cracks during 

35 

. thermal shock. 
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2. The electroplating solution of claim 1 
wherein Y of said alkylene polysulfide compound is an 
-SO^H group. 

3. The electroplating solution of claim 2 in 
which (A) is an alkali metal salt of tetraalkylthiuram 
disulfide^ 2^2'-dithio-bis-arylthia2ole, or"^ ' 
2-raercaptoarylthiazole and (B) is di(3-sulfonate-l-alkyl) 
sulfide. 

4. The electroplating solution of claim 1 in 
which the reaction product is prepared from the reaction 
of (A) , (B) and an amide. 

5. The electroplating solution of claim 4 
wherein Y of said alkylene polysulfide compound- is an 
-SO^H group. 

6. The electroplating solution of claim 5 in 
which the copper salt is copper sulfate and the free acid 
is sulfuric acid. 



7. The electroplating solution of claim 2 in 
which (A) is the sodium salt of tetramethylthiuram 
disulfide, tetraethylthiuram disulfide or mixtures 
25 thereof, 2,2'-dithio-bisben20thiazole or 
2-mercaptobenzothiazole and (B) is 
di (sodium-3-sulf onate-l-propyl) sulfide. 



8. The electroplating solution of claim 4 
wherein said alkylene amide is a compound of the formula 



0 

i! ' NH 



2 



- 18 - • • • ' 

where R is a lower alkyl radical of 1 to 6 cari©il 6t3t^1» 
lower alkylene radical of 1 to 4 carbon atoms, an aromatic 
radical, or a hydrogen atom. 

9. The electroplating solution of claim 8 
^ containing a brightening and/or leveling agent. 

~ 10. The electroplating solution of claim 9 in 
which said agent is an oxyethylene and/or an oaqrpropylene 
polymer containing at least about 8 ethylene or propylene 
groups.. 



10 



11. The electroplating solution of claim 3 
containing a brightening and/or leveling agent. 

15 .. 12. The electroplating solution of claim 7 

containing a brightening and/or leveling agent. 

13. The electroplating solution of claim 11 in 
which the agent is an oxyethylene and/or an oaqrpropylene 

20 polymer containing at least about 8 ethylene or propylene 
groups . 

14. The electroplating solution of claim 12 in 
which the agent is an oxyethylene and/or an oxypropylene 

25 polymer containing at least about 8 ethylene or propylene 
groups. 

15. A method of electroplating acid copper 
solutions on substrates having sharp corners to prevent 
the formation of cracks at the corners due to thermal 
shock which comprises electroplating the substrate with 
solution containing a copper salt, free acid and the 
reaction product of a compound containing a nitrogen- 
carbon-sulfur radical of the general structural formula 

35 



30 
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5 



15 



20 



25 
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(A) N— C — 

«2 

where R^.. and R2 are alkyl radicals^ a hydro$ei> atom or 
mixtures thereof, or 



10 



where is an aromatic, heterocyclic or alicyclic 
radical or their alkyl derivatives, and 



(B) a compound of the formula 

X r Ri - (S)„ - R2 - y 

where R^ and R^ are the same or different and are 
substituted or unsubstituted alkylene radicals containing 
1 to 6 carbon atoms, X is a functional or non-functional 
moeity, n is 2, 3, 4, or 5, and Y is a water solubilizing 
group or a group capable of imparting water solubility to 
said reaction product, said reaction product being present 
in a sufficient amount to prevent formation of. cracks at 
the corners when the plated substrate is subjected to 
thermal shock. 

16. The method of claim 15 in which Y of said 
alkylene polysulf ide compound is an -SO^H group* 

17. The method of claim 15 in which the reaction 
product is prepared from the reaction of (A) ; (B) and an 

35 amide compound. 



10 



15 



20 



" " 01 831 31 

18. The method of claim 17 In which Y of said 
alkylene polysulf ide compound is an -SO^H group. 

19. The method of claim IB in which the copper 
salt of the electroplating solution is copper sulfate and 
the free acid of the electroplating solution, is sulfuric 
acid. 

20. The method of claim 16 in which (A) is an 
alkali metal salt of tetraalkylthiuram disulfide r 
2r2'-dithio-bis-arylthiazole, or 2-mercaptoarylthiazole 
and (B) is di (3-sulfonate-l-alkyl) sulfide. 

21. The method of claim 20 in which (A) is the 
sodium S£j.t of tetramethylthiuram disulfide, 
tetraethylthiuram disulfide or mixtures thereof, 
2^2''-dithio-bis-benzothiazole or 2-roercaptobenzothiazole 
and (B) is di(sodium-3-sulfonate*-l-propyl) sulfide. 

22. The method of claim 18 in which said 
alkylene eunide compound is a compound of the formula. 



C . NHj 



30 



^ where R is a lower alkyl radical of 1 to 6 carbon atoms, a 
lower alkylene radical of 1 to 4 carbon atoms, an aromatic 
radical, or. a hydrogen atom. 



23. The method of claim 20 in which the 
electroplating solution also contains a brightening and/or 
leveling agent. 



35 
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24. The method of claim 23 In which the 
brightening and/or leveling agent is an oxyethylene and/or 
an oxypropylene group. 

25. The method of claim 22 in which, the 
electroplating solution also contains a brightening and/or 
leveling agent. 

26. The method of claim 25 in which the agent is 
an oxyethylene and/or an oxypropylene polymer containing 
at least about 8 ethylene or propylene groups. 



15 
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EP 0163131 B1 

Description 

The invention concerns an add copper electroplating solution as well as a method of electroplating 
acid copper solutions on substrates having sharp corners to prevent the formation of cracks at the corners 
5 due to thermal shock. The invention relates especially to the electrodeposition of copper of decorative use 
and more particularly to the electrodeposition of copper on substrates having sharp comers such as those 
formed by holes drilled into copper clad plastic sheet during the production of printed circuit boards. 

Circuit boards are generally prepared by laminating a copper cladding to both sides of a plastic sheet 
This sheet typically Is an epoxy-glass material. Holes are then drilled through the copper clad plastic, thus 
to exposing the plastic. This exposed plastic must then be plated to effect conductivity from one side of the 
board to the other. This is generally accomplished by treating the plastic with an activator by well known 
processes, subjecting the entire circuit board to electroless deposition of copper to render the treated areas 
receptive to electrolytic copper depositions, and then plating the board and the intemal surfaces of the 
holes by electrodeposition of copper. The sharp corners formed by the perimeter of the holes adjacent to 
ts the top and bottom of the board must also be plated. While this copper plating can be accomplished by 
many different copper electroplating solutions presentiy on the market, the copper plate at these sharp 
comers has a tendency to develop cracks when the boards are subjected to thermal shock which occurs 
during further processing. 

According to one aspect, the present invention provides an acid copper electroplating solution 
20 comprising a soluble copper salt a free acid and a reaction product of 

(A) a compound containing a nitrogen-carbon-sulfur-radical of the general formula 



2S 



where Ri and Rj are alkyi radicals, a hydrogen atom or mixtures thereof, or 
so ^N, 



(2) r:- ^c- 

35 where Ra is an aromatic, heterocyclic or alicyctlc radical or their alkyl derivatives, and 
(B) a compound of the formula 

X-R^S)„-R2-Y 

where and R2 are the same or different and are substituted or unsubstituted alkylene radicals containing 
40 1 to 6 carbon atoms, X is a functional or non-functional moiety, n is 2, 3, 4, or 5, and Y Is a water soiubilizing 

group or a group capable of imparting water solubility to said reaction product said reaction product being 

present in a sufficient amount to increase the brightness of the deposit and/or to prevent the formation of 

cracks during thermal shock. 

According to a further aspect, the present invention provides a method of electroplating acid copper 
45 solutions on substrates having sharp corners to prevent the formation of cracks at the corners due to 

thermal shock comprising the step of electroplating the substrate with the above electroplating solution. 

Irr the above formula (1 ), Ri and R2 are preferably alkyl groups having from 1 to 20 carbon atoms. Alkyl ^ 

groups having from 1 to 6 carbon atoms are more preferred, i.e. methyl, ethyl, linear or branched propyl, 

butyl, pentyl, hexyl. i 
50 The open bond on the carbon atoms of the above formulae (1 ) and (2) may be advantageously bonded 

to X, — S—X, or — S — S— X wherein X is hydrogen, a Group I alkali metal, or magnesium. 

R3 in the above formula (2) has the meaning of aromatic, heterocyclic, or allcyciic radical containing 3 

to 12 carbon atoms and represent preferably benzothiazole, 2>mercaptobenzothiazole, 2-2-dithio-bis- 

benzothiazole, 2-thiazoleidine, or 2-thiol; said alkyl moiety having 1 to 6 carbon atoms. 
55 R3 and the combination of Rt'and R2 may also be cyclic alkyl radicals with 3 to 1 2 carbon atoms linking 

to the single bonds of sulfur and nitrogen in (2) for R3 and the double bond of nitrogen in (1) for the 

combination of Rt and R2. 

The nitrogen-carbon-sulfur organic compounds suitable for the present invention ail contain an 

organic radical which comprises a carbon atom bonded exclusively to hetero atoms, nitrogen, or sulfur. 
€0 These compounds contain a radical having one of the following structural formulas: 

(3) C-S- or ZfiS- (4) 



2 
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Unked to one of the sulfur and the nitrogen in (3) may be an aromatic or a cyclic allcyl radical, and to the 
nitrogen in |4) may be allcyl radicals or cyclic allcyi radicals. The second sulfur is connected to a hydrogen, 
alley!, or other nitrogen-sulfur radicals. ^ . .u u *u:«-.i^ #-^ii„. 

Above aromatic or cyclic allcyl radicals represent preferably compounds in the benzo thiazole family, 
5 above allcyl radicals are advantageously those having 1 to 6 carbon atoms. , . , 

Examples of a number of specific compounds coming within the scope of the above formulas are set 
forth in Column 2 of US-PS 3,414,493 issued to Nobel et al. on December 3, 1968. The disclosure of this 
US— PS 3,414,493 with regard to the nltrogen^rbon-sulfor compound useful according to this invention is 
incorporated herein by reference. Thus, preferred compounds described in US— PS 3,414,493 are 

10 especially: 

— 1,3-bis(2-benzothiazolylmercaptomethyl)urea; 

— N-cycIohexyl-2-ben20thia2blesulfenamide; 

— Piperidium-1-piperidinecarbodithioate; i 

— N,N-dimethylcycloamine salt of dibutyldithiocarbamic acid; 
15 — bix(Dimethylthi6carbamyl)dlsulfide; 

— 2-thiazoIeidine 2-thiol. 

The compounds found to be the most advantageous to date are the medium salts of tetraalkylthiuram 
disulfide. 



20 



2S 



39. 



FL S S R| 

V II II / 

(5) ^N-C-S-S-C-N^ 



where R, and Rj are methyl or ethyl or mixtures thereof, 2,2'-dithio-bisbenzothlazole, 



(6) 

and 2-mereaptobenzothiazole 



When reacting compounds such as (5) and (6) with sodium hydroxide, the compoundte are split 
40 predominantly but not exclusively between the -S-S- bond to form the sodium salts. Thus when a 
compounds according to formula (5) having R, and R, as ethyl groups Is reacted with sodium hydroxide, it 
would form predominantly two moles of 

« (8) N-C-S-Na 
plus minor amounts of 

(9) N-O-Wa and N-C-S-.S-4Sja (10) 

Similarly, reacting formulas (6) and (7) with sodium hydroxide would form 
(11) ^C-S-Na 

ss with minor amounts of 
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(12) O^a and ^C-S-S-Na 

5 

The sodium salts of the compounds (5K (6) and (7) can readily be prepared by known means by heating 
the compounds dissolved In a solvent such as methanol (preferably with reflux) with sodium hydroxide. 
The compound of formulas (5), (6) and (7) are available commercially and marketed under the marks 
TUADS, ALTAX and CAPTAX, respectively, by R. T. Vanderbllt Company, Inc. 
fo The second reactant is an alkylene polysulfide compound having at least one water solubilizing group 
or a group capable of imparting water solubility to the end reaction product These compounds correspond 
to the general formula 

{14)X-R,-(S)„-R2-Y 

fs where Ri and R2 are the same or different and are alkylene radicals containing 1 to 6 carbon atoms, x is a 
functional or non-functional moiety such as hydrogen, a sulfonic acid group, a carboxylic acid group, a 
hydrocarbon group, etc. n Is an integer from 2 to 5, and Y is a water solubilizing group or a group capable of 
imparting water solubility to the reaction product. It Is most advantageous for Y to be a sulfonic acid group, 
but other water solubility groups such as a carboxylic acid group might also be employed. 

20 Examples of a number of specific compounds coming within the scope of the above formula are set 
forth In column 2 of U.S. Patent 3,328,273 issued to Creutz et al. on June 27, 1967 and which disclosure is 
incorporated herein by reference. It Is preferable to use the alkali metal salts of the above compounds. The 
exact nature of the X moiety does not constitute a part of this invention and can be most any group so long 
as it does not interfere with the improved results set forth herein. The alkylene groups can also be 

25 substituted but preferably are unsubstituted as set forth in U.S. Patent 3,328,273. 

Preferred sulfide compounds of the invention are aliphatic polysulfides, wherein at least two divalent 
sulfur atoms are vicinal, and wherein the molecule has one or two terminal sulfonic acid groups. The 
alkylene portion of the molecule may be substituted with groups such as methyl, ethyl, chioro, bromo, 
ethoxy, hydroxy etc., but preferably R^ and R, are unsubstituted polymethytene groups containing 3 carbon 

30 atoms. The various sulfonic compounds may be added to the plating baths as the free acid or the alkali 
metal salts or the organic amine salts etc. Generally, it is preferred to use the free acids. Examples of some 
of the preferred polysulfide compounds of the invention are shown in Table I 

TABLE I 

35 

Organic polysulfide compounds 

(1 ) CH3— S— S— CHa— SO3H 

40 (2) CHr-S-S— S— (CH2)4— SO3H 

(3) HOaS-CHr-S-S— S— S— S-CHjT-SOaH 

(4) H'OaS-tCHJa-S-SHCHJtf-SOaH 

45 

(5) {CH3)2CHCHa--S"S-CHaCH(CH3)a 

(6) (CHa)aO-S-S-C(CHa)aS03H 

50 (7) HOaS-{CH2)4— S-S— (CHa)*— SO3H 



The most advantageous alkylene polysulfide known to date Is dI(sodium 3-sulfonate-1-propyl) sulfide 
55. <15) Na-^Oa-(CHa)a-S-S— (CHa)3-S03Na 

The exact chemical nature of the reaction product from these two reactants is not known. The products 
resulting from these reactions are hereinafter referred to as the reaction products. 

The Invention includes the use of oxyaikylene polymers as bnghtening and leveling agents in 
60 combination with the reaction products. The oxyaikylene polymers have been found to materially increase 
the brightness and leveling of the deposits. The polyalkylene glycols, such as polyethylene glycols, 
methoxy polyethylene glycols and the polypropylene glycols, have been found to be particularly 
advantageous. 

The oxyethylene or oxypropyiene polymers can be surfactants, anionic, nonionic or cationic. Anionic 
65 and nonionic are preferred. These types of surfactants are well known and lists of specific polymers can be 



4 



w 



IS 
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obtained by consulting any standard text on the subject such as the various volumes of Kirk-Othmer 
Encyclopedia of Chemical Technology or the Industrial literature. It is the presence of the ethylene oxide or 
DroDYlene oxide groups that is most important The itompounds should have at least about 8 moles of 
ethylene and/or propylene oxide and be soluble in the bath solution. Combinations of polyethylene and 
polypropylene glycols and/or surfactants can also be used. 

The amounts of the oxyalkylene polymers can be about the same as is usually employed in acid copper 
baths. A sufficient amount should, of course, he used to obtain the brightness and leveling desired which 
will in turn depend on the ultimate use intended. Generally about 0.1 to 0.5 g/l or ml/I can be employed. 

Additional brighteners, grain refiners or leveling agents known in the art can also be added to the 
plating solutions of this Invention in addition to or in place of the oxyalkylene polymers as nahII be apparent 

^° *^iS notKbo^^^ deposited according to this invention is useful for decoration purposes, in 

the electronic industry generally, and for the conduction of electricity on substrates that do not have sharp 
comers or on articles where thermal shock Is not a problem. The amounts of the reaction products 
employed in the acid copper plating solutions may therefore differ depending on the result desired, but in 
any event the amounts should be sufficient to improve the brightness and smoothness of the metallic 
deposits over that obtainable from the basic plating solutions. ^ -i * *u ■ 

When plating a substrate having sharp corners, such as circuit boards which are subjected to thermal 
shock, the amounts of reaction products should be sufficient to prevent cracks in the deposit at the corners 
20 when the plated substrate is subjected to thermal shock. As far as it is known today, the amounts to 
accomplish both of these results will be substantially the same. Small amounts, as little as about 0.1 mm, 
have been found sufficient to accomplish this purpose. Larger amounts, such as 1 ml/I, can of course also 
be employed so long as it does not adversely affect the plating operations or the advantages of this 
invention. No upper limit has been determined. It is, of course, advantageous to use as little of reaction 
25 product as practicable to obtain the desired results. ^ ^ i ^ 

The acid copper plating solutions to which the reaction products can be added are conventional and 
well known. The two essential constituents are a copper salt, such as copper sulfate, and an acid, such as 
sulfuric acid. The salt furnishes the metal ions and the acid serves to reduce the relatively or promote 
conductivity. There baths typically contain between about 70-250 g/l of copper sulfate, 30 to 250 g/l of 
30 sulfuric acid, and 50—100 ppm of a chloride ion. , ^ . . /ov « 

The reaction products can be formed by dissolving compounds of formulas (1) and/or (2), such as a 
tetraalkylthiuram disulfide sodium salt in a suitable solvent, and adding a bis(3-sulfoalkyl) disulfide salt to 
the reaction mixture under reflux. Concentrated sulfuric acid is then added (dropwise in the laboratory) 
during the reflux and continued until gassing has ceased or no precipitate or turtDidity is present The 
35 reactants can be any of the mixtures described above. 

Example 1 

2.6 g of tetraethylthiuram disulfide is dissolved in a sufficient amount of methanol and 0.78 g of sodium 
hydroxide. The reaction mixture is refluxed for 30 minutes to complete the reaction and the volume of the 
4D resulting solution is increased by 50% to 100% with water to clear it from turbidity. 3.52 g of bis(3- 
sulfopropyl) disulfide disodium salt is then added while continuing the reflux for about 30 minutes to an 
hour. Concentrated sulfuric acid is added dropwise during the reflux and continued until no nnore gassing 
or precipitate or turt)idity is present The color of the solution, during the sulfuric acid addition, changes 
from a dark greenish-yelloW to pale yellowHSoloriess. The reaction product is then diluted with water to a 

45 g^g^^ p J^pQrtiQ^g ^j^e reactants are not very critical but best results to date are obtained by using 

stoichiometric amounts. The rection can include additional reactants so long as they do riot affect the 
function and advantageous properties of the resulting reaction product. For example, 0.6 g ot 
formaldehyde can be added to the methanol solution and reacted with the sodium hydroxide before the 

so addition of the disulfide compound and the resulting reaction product has substantially the same 
advantageous properties. 

Claims 

55 1. An acid copper electroplating solution comprising a soluble copper salt, a free acid and a reaction 
'*'^°*t(a?a°compound containing a nltrogen-carbon-sulfur-radical of the general structural fonmula 



GO 



(1) JlN-C- 



"2 



«s where R, and R, are alkyl radicals, a hydrogen atom or mixtures thereof, or 



S 
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(2) ^- 



so 



ss 



s 

where R3 is an aromatic, heterocyclic or alicyclic radical or their allcyl derivatives, and 
(B) a compound of the formula 

X-R|-(S)„-Rr-Y 

TO 

where Ri and R2 are the same or different and are substituted or unsubstituted allcyldne radicals containing 
1 to 6 carbon atoms, X is a functional or non-functional moiety, n is 2, 3, 4, or 5, and Y is a water solubilizing 
group or a group capable of imparting water solubility to said reaction product, said reaction product being 
present in a sufficient amount to increase the brightness of the deposit and/or to prevent the formation of 
ts craclcs during thermal shock. 

2. An electroplating solution according to claim 1 wherein Y of the alkytene polysulfide compound is an 
— SO3H group. 

3. An electroplating solution according to claim 1 or claim 2 wherein (A) is an allcali metal salt of tetra- 
alkylthiuram disulfide, 2,2'-dithio-bis-aryl-thiazole, or 2*mercaptoarylthlazole and (B) to dl(3-sulfonate*1- 

20 alkyi) sulfide. 

4. An electroplating solution according to claim 1 or claim 2 wherein (A) is the sodium salt of tetra- 
methylthluram disulfide, tetraethylthiuram disulfide or mixtures thereof, 2,2'<lithio-bisbenzothiazole or 2- 
mercaptobenzothiazole and (B) is di(sodium-3-sulfonate-1 -propyl) sulfide. 

5. An electroplating solution according to any preceding claim, wherein the copper salt is copper 
25 sulfate and the free acid is sulfuric acid. 

6. An electroplating solution according to any preceding claim further comprising a brightening and/or 
leveling agent. 

7. An electroplating solution according to claim 6, wherein said agent is an oxyethylene and/or an 
oxypropylene polymer containing at least about 8 ethylene or propylene groups. 

30 8. A method of electroplating acid copper solutions on substrates having sharp corners to prevent the 
formation of cracks at the corners due to thermal shock comprising the step of electroplating the substrate 
with an electroplating solution according to any preceding claim. 



35 



PatentansprOche 

1. Saure Losung fur das Elektroplattieren von Kupfer, gekennzeichnet durch ein Idsliches Kupfersalz, 
freie Saure und ein Reaktionprodukt aus 

(A) einer Verbindung, welche einen Stickstoff-Kohlenstoff-Schwefel-Rest der folgenden allgemeinen 
Strukturformel 

worin Ri und Alkylreste, ein Wasserstof^m oder Gemische derselben darstetlen, oder 



(2) • '^C- 

worin R, einen aromatischen, heterocyklischen oder alizyklischen Rest oder deren Alkylderivate darstellt, 
enthaltr und 

(B) einer Verbindung der Formel 

X-R,-(S)«-Ri-Y 



worin Rf und R2 gleich oder verschteden sind, und substituierte oder unsubstituierte Alkylenreste mit 1 bis 
6 Kohlenstoffatomen darstellen, X eine funktionelle oder nicht-funktionelle Komponente bedeutet, n 2, 3, 4 

60 Oder 5 darstellt, und Y eine wassersolubillsierende Gruppe oder eine Gruppe darstellt die in der Lage 1st, 
das genannte Reaktionsprodukt in Wasser I5slich zu machen, wobei das genannte Reaktionsprodukt in 
ausreichender Menge voriiegt, um den Glanz der Abscheidung zu erhdhen und/oder die Bildung von 
Rissen wdhrend eines Wirmeschocks zu verhindem. 

2. Losung zum Elektroplattieren nach Anspruch 1, worin Y der Alkylenpolysulfid-Verbindung eine 

65 ^OsH— Gruppe bedeutet 



6 
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Meraptobeiuothlaiol ml IB) [«(™aiHunv3^u»onale-Vprapyll8ulfW^n«l KuofcrMb 
5 LSaing lum Elektroplattlaren nacti elnwn der voransshemton AnspiOche, vwrtn dn KuplerMz 

AnsprOche einer Elektroplattierung untenwirft. 
Revandications 

1 Solution acide pour d6pat 6lectrolytique de cuivre comprenant un sel soluble de cuivre. un acide 
"'"iSrSitS 'iSS;;;; radical azoteK^rbone^utre de structure g6r,*rale co,*,rme * la 
fbrmute 



(1) N-C- 

"2 



dans laquelle R, et R, sent des radicaux alkyle, un atome d'hydrog&ne ou des mfilanges de ces corps, ou 



(2) R- c- 



dans laquelle R, est un radical aromatique. h*t6rocycHque ou alicydique ou leurs d6rivte alkyles. et 
(B) un compose de formule 

X-R,-IS)n-Rr-Y 

dans laquelle R, et R, sont les mfimes ou sont diff6rents et sont des ^«dicaux a Jjrl6ne su^^^^^ ou no" 
Buhstituis contmant 1 h 6 atomes de carbone. X est une moitl6 fonctionnelle ou "op-^o"ctionneile, n est z. 

diaumin. SkyltSDurLique W JItWoJJMryMWaiole <«. ^■narcap»«yltnlaIol. at (B) eat la sulfur. 
"TiSTiSt' aaloo la ravandia^lo™ lou 2 dan. ladu.ll. W « - * "^^ 

''™fsLtiond'6lectroiys9selonl'unequelconque des revandications pr^cMentes dans laqueHeles^ 

""Ts"S;n"?s^?S'^^^^^^ 

et/ou d'oSpropyl6ne contenant au moins 8 groupes d'ithylfene ou de propylene. 

8 Proc6d§ de d6D6t 6lectrolytique i paitir de solutions acides de cuivre sur des substrats ayant des 

} quelconque des revendications pr^cddentes. 
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